INTRODUCTION
The development of a differential absorption lidar (DIA1.) for measurements of stratospheric ozone and for potential inclusion in the Network for the Detection of Stratospheric Change (NDSC) 1 began at JPL in 19S6. The original DIAL system at the JPL Table Mountain Facility (TMF, 34.4° N, 117 .7° W) was developed specifically to have the characteristics suitable for long-term measurements as proposed for NDSC.
Regular measurements of stratospheric ozone concentration profiles comtnenced in
February 1988 and this system has been fhlly dcscribcd previously 2)3. The same system is also bc used to make temperature an(i aerosol measurements using the return signals at the DIAL reference wavelength.
To evaluate the quality of the results from the TMF ozone lidar, it has participated in a number of intercomparisons 4-6 culminating in the first formal NDSC sponsored inter- The upper altitude for ozone profile measurements with the TMF Iidar is limited by signalinduced-noise (SIN) which greatly reduces the signal-to-noise ratio (SNR) from what is predicted for this system. The SIN is caused by exposure of the photomultiplier detectors to the very intense Iidar returns from the lower atmosphere. Electronic gating of the photomultipliers is found to reduce the level of SIN somewhat but the background signal level, especially for the 30S nm high intensity channel, is still affected by SIN. This is not unexpected since the photocathodes are still exposed to this high intensity pulse even though the amplification chain is interrupted. "l'he optimum solution is therefore to physically block the Iidar returns below, say, 10 km using a chopper. However, in order to achieve the maximum blocking there needs to be a rapid transition of the chopper from the fully closed to fldly open position. This means that the chopper blade must have a high velocity through the optical image and that the diameter of the image be as stnall as possible. There are severe practical limits to how fast the chopper blade can move. As described below, the chopper used in the new system has a velocity of 560 m.s-] at the chopping point. Thus, for example, to have a fhlly off to flllly on transition equivalent to 2 km requires an image size of less than 1 mm diameter. To achieve this with large aperture (-1 m) telescopes is not trivial. The "rMF telescope has a 0.9 m aperture with a f?? focal ratio and a low quality primary mirror (i.e., a light bucket). The combination of aberrations and image blur circle are on the order of 20 mm (iiameter an(i attempts to reduce this using auxiliary optics have largely failed because of the poor quality of the image. Control of the image quality and diameter were therefore important drivers in the design of the new receiver optics, I-Iowever, also important were the cost of the telescope which was limited to $100K which means that the mirrors would not be of astronomical quality and the budget oft olerances and aberrations must be carefl]lly accounted.
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TRANSMITTER
By definition, differential absorption lidar requires the transmission of (at least) two wavelengths; one located in an absorption feature of the species of interest and one in a region of lower or no absorption by this species. The difference in magnitude of the absorption cross-section at the two wavelengths, the differential absorption cross-section, ultimately determines the sensitivity of the technique. In this implementation, the absorbed wavelength is 307.9 nm and the reference wavelength is 353.2 nm. These wavelengths are provide by a tunecl xenon chloride (XeCl) cxcimcr laser and the first Stokes Raman shift of the XeCl fundamental in hydrogen gas. Alternatively, the reference wavelength can be obtained from the xenon fluoride (XeF) flmdamcntal at 351.1 nm.
A. Lmcr Systems
The laser system utilizes two LPX series lasers from Lambda Physik which were designed to match the required specifications for this lidar experiment. F.ach LPX laser comprises two separate excimer laser discharge units. The first unit, LPX-1 50, is set up in an oscillator-amplifier configuration which offers the capability of tunable, narrowbandwidth, high-power laser operation. A diagram of this device is shown in figure 1 . The oscillator can be tuned in wavelength by a motor controlled grating in conjunction with a prism beam expander. The output from this unit is then used to injection lock a power amplifier which is designated as the prc-amplifier in figure 1 . The complete operation of these lasers, including the temporal synchronization, is controlled by a micro-computer, All signals between the laser and computer arc transmitted by a fiber-optic local area network (LAN), The energy output from each individual discharge unit is also monitored by the computer and the system can be programmed to maintain constant output power. A permanently mounted diode laser aids in the alignment of the laser cavities.
The LPX-250 contains two power amplifiers an this unit has similar micro-computer control and laser energy monitors. There are a number of possible configurations for the set-up of the complete four-laser system but oJdy three are relevant to this experiment.
Two of these options are shown in figure 2. In figure 2(a) the oscillator injection locks the prc-amplifier and the output is then single-passed through two amplifiers in series. In theory this arrangement should provide the highest laser output power. However, the same arrangements are possible with the laser system in the TMF lidar 3 and it has been found that losses between the two final amplifiers, caused for example by dirty windows, Raman reference channel. Since the reference wavelengths from Raman shifiing the XeCl flmdamental in H2 or from the XeF f~]ndamental are quite close, the only elements of the optical detection system that need to be changed to switch between these wavelengths are the interference filters. A summaly of the laser output specifications is given in Table I .
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To reduce the divergence of the output laser beams they are expanded by a factor of 5 before being transmitted into the atmosphere. This is important since it allows the field-ofview of the receiver telescope to be reduced which, in the piane of the chopper (see also section 1111]).
The laser beam expanders are afocal, recentered in turn, reduces the size of the image pupil, Dall-Kirkhanl telescopes, The primary mirror is a recentered section of a concave ellipsoid and the secondary mirror is a convex sphere. The collimated input beam strikes the convex sphere and diverges to fill the concave primary mirror which acts as the system aperture stop. The secondary mirror mount has a micrometer driven focus adjustment which can be used to compensate for divergence in the input laser beam or to converge the output beam towards a near field object/inlage point. The system is athermalizcd by means of an Invar metering rod that is attached to the base of the primaly mirror and to a flexure mounted block that secures the focusing micrometer on the secondary mirror mount. This arrangement maintains a fixed spacing between the primary and secondary mirrors. The design of these beam expanders was ray-traced and tolerance using Code V and the optical parameters and specifications are given in Table 11, C. Bcarn stewing system
The expanded laser beams are steered into the atmosphere, and aligned to the receiver telescope, using 150 mm diameter gimbal-mounted flat mirrors. The gimbal mounts are We have shown previously 3 that the alignment plots can be used to obtain measurement estimates of the telescope ficl(i-of-view and the divergence of the laser beams, Fig. 4 shows an actual example of the normalized signal count as a fLmction of encoder angle, comparccl to a simple model based on overlapping circles. The overlap model allows the telescope field-of-view and the laser divergence to bc changed in order to obtain the best agreement with the observed data. For this example, the telescope fllll field-of-view was set to 730 prad and the Iascr divergence to 400 }~rad in the model. It should be noted that the definition of the laser divergence for this moclcl is that it is the angle that encompasses essentially all of the laser energy. These numbers arc in good agreement with expectations based on the system specifications.
III. RECEIVER
The receiver optical systems considered in the computer optimization include a telescope, fickl stop, field lens, relay lens, collimator and bcamsplitters. The systcrn was designed for }~igh transmittance and for minimum image spot size in the chopper plane. The system was also required to maintain good performance over a large temperature range,
The optical system was modeled in Code V as three zoom positions with two focal planes, representing the image plane of the fore-optic rind the chopper plane, and the third zoom position having an afocal lens moclule at the position of a detector. The system was modeled in three zoom positions so that fabrication and alignment tolerances could be determined based on the criterion of acceptable image quality at the three planes of interest.
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The receiver fore-optic is a 1-meter aperture Dall-Kirkhan~ telescope with a focal ratio of f/8, which has good performance over the small field-of-view. As is shown in Fig. 5 , the optical path is folded out of the side of the telescope to minimize the height since it was required to be housed in a container less than 2.7S m high. The obscuration of the primary aperture is less than 10°/0 and the mirror rcflcctivities are greater than 90°/0 for the UV wavelengths usecl. The elliptical primary mirror was fabricated from 47,5 mm (1 .875") thick sk]mpcd Pyrex and is mounted on a 9-point flotation mount. The structure is a Surricr Truss fabricated from 410 stainless steel which was selected for its low temperature expansion cocfllcicnt (CTE =-1.17 x 10-5 'C -1). It was specified that, as built, the diameter of the 90% cncirc]e(i energy at the focal plane, due to a j)oint source, should be less than 0.5 mm over the temperature range from O to 30°C. The room temperature performance of the fore-optic was tested in a double-pass configuration with a knife edge while the performance at the extreme temperatures was predicted by analysis.
An adjustable iris diaphragm limiting the field-of-view.
Relay and chopper
The field stop is followed triplet, as shown in Fig Atler the chopper, the diverging light is collimated with only a singlet lens, Fig. 9 , since image quality is no longer an important consideration. The entrance pupil of the telescope is imaged onto the detectors by the field lens. The size of the beam at the detector is 41 mm diameter for an on-axis point and 37 x 38 mJn for a point 250 pi-ad off-axis, with the difference being due to pupil aberration of the optical system. The geometric spot diagrams shown in Fig. 10 for detector planes at various distances from the collimating lens and for the two wavelengths (308 and 353 m) show 'hat the detector active area (46 mm diameter) safely encompasses all of the received radi:;tion.
The optimum detector location for each wavelength can be d !crmincd by tracing rim rays from field angles of +250 prad, and finding the distance from !he collimating lens at which these rays cross. Flowcver, physical limitations may ultinmtcly determine where the detectors are placed. It is the usual practice of the optical (iesigner to define the image of a pupil by determining the location where a paraxial chief ray crosses the optic axis but, when the large amount of pupil aberration and the lig,ht-bucket mode of operation are taken into account, it was decided that real marginal rays were the better choice as they would actually bound the size of the beam incident on the (ietector, The difference in the two methods gives a difference in position of about 75 mm. figure 11 . Since it was necessary previously to attenuate the signal from altitudes below about 30 km 3~7, the lower efllcicncy of the Raman scattering is largely compensated by eliminating the attenuation in these channels. Figure 11 is a schematic diagram of the optical receiver system. Afler the relay and chopper which were described above, the received optical radiation is collimated by lens L2. The component wavelengths are then separated by a series of long-wave-pass beamsplitters S 1 -S3 which operate at 15° angle of incidence (not 45° as suggested by the schematic), These splitters have a specified reflectivity y of >98°/0 at the selected wavelength and a specified transmission of >80°/0 for the longer wavelengths. Operation at 15° angle of incidence, comparecl to 45°, increases the slope of the transition from reflective to
C. Optical ddcction systm
transmissive. An example of the transmission curve for the 308 nm beamsp]itter, measured in our laboratory using an IBM UV/Visible spcctrophotometer, is shown in figure 12 . The detectors are all fast, linear-focused photomultipliers, with hi-alkali photocathodes which arc optimal for the near uv wavelength region. The tubes are specially sclcctcd to have high gain at low bias voltage since this has been found to greatly reduce the effect and occurrence of signal-induced-noise. 'Ilis tube type is also optimized for photon counting, which is the method useci for signal measurement, and they have fast rise times on the order of 2 ns for single photon pulses. This is a nccessaty specification since the counting systcm electronics can operat c at up to 300 MHz which in turn requires single pulses to be <4 ns.
IV. SIJMMARY
The lidar system described above has been installed into a mobile facility comprising two custom built, 401 long trailers. The laser transmitter and optical receiver systems are located in one trailer and the data acquisition and analysis systems, together with the laser heat exchanger and a general work area, comprise the scconc] trailer. This arrangement helps to isolate the optical components from the vibrations caused by the heat exchanger and by personnel moving about, The design of the trailers allows them to be moved intact by road or ship, and the undercarriage can easily be removed for transportation by airplane or container-ship. The system umicrwcnt succcssfhl testing and intercomparison with the existing liclar at the JPL- Table Mountain Facility and was moved to Mauna Loa in July 1993 where it is now in routine operation. Stratospheric measurements from this system will be presented elsewhere.
The work described in this paper was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under a contrnct with the National Aeronautics and Space Administration, We are gratefhl to Toni MCGCC for interesting discussions regarding the Raman augmentation to the DIAL tcchniquc.
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